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Figure 3. Abiotic measurements collected over time.
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Figure 7. Spearman correlation results for CO2-flux and abiotic factors. Rhovalues are bolded and italicized if they are significant (p < 0.05).
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Figure 4. Change in cover, by functional groups, in control and
warmed plots over time. Years of sampling provided in the x-axis.

Figure 8. Spearman correlation results for CO2-flux and cover data. Rho-values
are bolded and italicized if they are significant (p < 0.05).
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Figure 1A: Location of study site in Utqiaġvik, Alaska. B: Working at Utqiaġvik dry site
at an OTC plot. C: Utqiaġvik dry site species that were used in this analysis and the
abbreviations used in later figures
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Figure 2. CO2-flux measurements collected over time. GPP= Gross Primary
Productivity ER= Ecosystem Respiration NEE= Net Ecosystem Exchange

Results and Discussion

Methods
The research was established in Utqiaġvik, Alaska in 1994 and is located
within the dry heath tundra (Fig 1A). The dry site consists of 24 control
plots and 24 experimental plots which are experimentally warmed using
open top chambers (OTCs); each plot is ~1m! . These OTCs are made of
fiberglass and raise the temperature of the plot from 1°C - 3°C on
average for the summer (Fig1B). The CO2-flux data (Fig 2) was
collected using the LiCor6400 which was attached to diurnal chambers
that were placed in ten of the plots at the dry site in Utqiaġvik and
quantifies gross primary productivity, ecosystem respiration, and net
ecosystem exchange. Cover data (Fig 4) was collected and grouped into
functional groups using the non-destructive pointframe method. For each
plot, growth measures (Fig 5) and flower counts (Fig 6) are done weekly
every season on the species (Fig 1C). Growth measures measure the
height of the inflorescence for marked individuals and the largest
reproductive plant for the graminoid species in each plot. Flower counts
were measured by counting the flowers of each species in every plot.
The correlations between the carbon data and the growth measures and
flower counts were made with data taken from similar dates.
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The Arctic climate is rapidly changing and perhaps the most impactful
ecosystem change is the shifting balance between photosynthesis and
respiration towards respiration. This imbalance between photosynthesis
and respiration can cause impactful and global repercussions and the
switch from the tundra acting as a carbon sink to a carbon source is
already being seen in some areas of the Arctic (Euskirchen et al. 2017) .
Not only is there a change in the CO2-flux being seen in the Arctic, but
there are also changes in the vegetation (Hollister et al. 2015). Here we
correlated CO2-flux data generated from experimentally warmed and
control plots established by the International Tundra Experiment (ITEX)
at the dry heath tundra in Utqiaġvik, AK with several abiotic and
vegetation measurements conducted on the same plots. The belief is that
changing vegetation may impact carbon dynamics in addition to climate
itself. Linking the change of CO2-flux to the changes in tundra
vegetation will provide a deeper understanding of the impacts of climate
change on the Arctic and allow for more accurate predictions of future
carbon dynamics.
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Figure 5. Average Inflorescence length (cm) for graminoid species in
late July in each year.

Figure 6. Post-flower counts for the prominent flowering species in
late July each year.

Figure 9. Spearman correlation results for CO2-flux and inflorescence length.
Rho-values are bolded and italicized if they are significant (p < 0.05).

Figure 10. Spearman correlation results for CO2-flux and post-flowering counts.
Rho-values are bolded and italicized if they are significant (p < 0.05).

The results showed that the change in carbon dynamics is correlated to the
change in tundra vegetation. The lack of significance between the flux and
cover data is most likely because there were only five cover samples and
therefore limited sample sizes. However, the correlation still showed that
as percent cover of graminoids increases, the NEE decreases (Fig 8). The
correlation between the abiotic data (Fig 3) and CO2-flux supported the
hypothesis that the change in carbon dynamics was due to increasing
temperature (Fig 7). The correlation between inflorescence length and
carbon showed that as the plants were growing larger, (due to increasing
temperature) (Hudson et al. 2011), carbon was being lost (also due to
increasing temperature) (McGuire et al. 2009) (Fig 9). The correlations
between flower counts (measured here as plants that have already
flowered) and carbon dynamics also support the hypothesis that carbon
dynamics and vegetation change are correlated due to climate change (Fig
10). These data show that the relationships between carbon dynamics and
vegetation measurements is often stronger than the relationship with
abiotic measurements. In conclusion, climate change is driving a change in
the carbon dynamics of the Arctic as well as a change in the tundra
vegetation (Pearson et al. 2013). Future studies should consider
correlating CO2-flux with other plant measurements such as biomass and
plant functional traits such as leaf area and density.
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